Of the planets in our solar system, excluding Earth, Mars is the most likely to preserve evidence of life. Although Mars has a thin atmosphere today and lacks water at its surface, its early history may have been habitable. The three rovers sent to Mars share a common mission, to explore whether or not Mars has or ever had a habitable surface environment. To date, these rover missions have identified several ancient environments that were potentially habitable, including fluvial, lacustrine, and subsurface water systems. The next rover mission to Mars, scheduled to launch in 2020, has biosignature detection as its primary mission.
Like their terrestrial counterparts, habitable environments on Mars have a range of potential for biosignature preservation. At a scale detectable by rovers, water-influenced sediments may preserve evidence of biological activity, including microbially-induced sedimentary structures (MISS) in clastic rocks and microbialites in chemical sedimentary rocks. Identifying these mesoscale structures and confirming whether they are microbially influenced is a challenge due to the scale and often subtle nature of their features.
Differentiating abiotic sedimentary structures from MISS and microbialites is a challenging task, even for geologists on Earth. It is even more difficult for operators to distinguish these features using a rover millions of kilometers away. Choosing instruments that are capable of capturing the scale and detail of these features is crucial to finding biosignatures on Mars. If the instrumentation is not capable of resolving or is unable to capture the detail of features at near and far scales, the biosignatures will be overlooked and the mission will be unsuccessful. This study aims to identify these key scales for biosignature identification based on a Mars analog mission, conducted in a biosignature containing setting on Earth.
Research and field tests conducted by the Geo-Heuristic Operational Strategies Test (GHOST) team in the spring of 2016 demonstrated that mesoscale (0.1-10 mm) data is crucial for identification of MISS and microbialites. Without clear resolution on the sub-mm to cm scale, key features that allow confident assessment of biogenicity are unrecognizable. Understanding the type of instrumentation necessary for identifying mesoscale biosignatures and the appropriate resolution needed to distinguish MISS and microbialites from abiogenic structures at outcrop scale will improve the likelihood of identifying biosignatures on Mars, if the planet contains them.
ACKNOWLEDGMENTS
I would like to thank my advisors Dr. Laura D. Triplett and Dr. Julie K. Bartley as well as Dr. James Welsh of the Gustavus Adolphus College Department of Geology for their support and advice. I would also like to thank the Geo-Heuristic Operational Strategies Test (GHOST) team especially our project leader Dr. Aileen Yingst for having me be a part of a great research project and experience. Lastly, I would like to thank my family and fellow classmates for input, feedback, and support. My research with the GHOST team was funded by the Planetary Science Institute and facilitated by Gustavus Adolphus College. Table  Title  Page number   Table 1 Martian environments with potential to preserve morphological biosignatures 8 Table 2 Curiosity Rover Instrumentation (Cady, et al. 2003) . This is true for both meteorites that come from Mars and samples collected on Mars.
The first mission to Mars was the Mariner 9 launched in 1971. The Mariner 9's mission was to map the general topography of Mars and gather other geologic data to prepare to the 1975
Viking mission. Mariner 9 also searched for evidence of seasonal changes and water on Mars.
Features indicative of past water activity were discovered, but further investigation using 1975
Viking orbiters and landers revealed no organic matter or evidence of metabolism in the soils (Klein, 1979) . Although no evidence of life was found, the Mariner 9 mission and Viking orbiters and landers imaged the entire planet of Mars with resolution ranging from meters to hundreds of meters per pixel (Dohm et al. 2011) . These first images of the entire planet surface were used to construct geologic and topographic maps of Mars.
Because little evidence of life had been discovered, further missions to Mars did not ensue until the 1990s when extreme life forms were found living in some of Earth's most extreme environments. These discoveries on Earth inspired scientists to take a closer look at Mars.
In 1997 a small rover named Sojourner was sent to Mars equipped with a camera and an alpha particle x-ray spectrometer (APXS). In 2004 two rovers, Spirit and Opportunity, were sent to two different locations on Mars. Spirit was sent to Gusev crater and Opportunity was sent to Meridian Planum. Each location was chosen based on its potential relation to water, which by consensus is agreed to be universally necessary for sustaining life. Each rover found abundant evidence of paleo environments which contained water. In Gusev crater, evidence of aqueous alteration of minerals and hydrothermal activity was observed (Squyres et al. 2006) , and the sediment in Meridian Planum appeared to have been deposited during periods when intermittent acidic dune lakes formed (Grotzinger et al. 2005) . Although evidence of past liquid water on the martian surface was abundant, the analytical capabilities of the Spirit and Opportunity rovers were too limited to assess whether these environments were habitable.
The promising features of habitable paleo environments informed the 2012 Curiosity mission. The Curiosity rover is a traveling lab that is, to date, the most capable rover exploring
Mars. The Mars Science Laboratory (MSL) payload aboard Curiosity includes three different cameras, four different spectrometers, two radiation detectors, and environmental and atmospheric sensors (NASA (e)). Curiosity has used the MSL to collect geologic, atmospheric, and environmental data along with gathering information about potential biosignatures.
The early geologic history of Mars has many parallels with that of Earth. In Mars' early history its core was hot enough to support tectonic movement on the surface and a magnetic field strong enough to maintain a relatively thick atmosphere compared to Earth's modern atmosphere. Over time, the core began to cool and Mars underwent a heavy bombardment interval, which caused water and oxygen to cycle inefficiently between the surface and the underlying geology (Dhom et al., 2011) . The poor oxygen cycling along with sunlight and gamma rays eventually thinned the atmosphere. The thin atmosphere and inefficient cycling caused the surface of Mars to freeze. During this time, the remaining internal energy of Mars would store up and release in large episodes. The large episodes of energy release would result in flooding in the northern plains, and transient hydrological cycling (Dohm et al. 2011 ). The cycling would cause snow fall in southern polar regions, creating glaciers and rock glaciers. In addition to shifts in climate, the large release of internal energy would cause other temporary geological changes such as the creation of alluvial fans, slumping and mass movements, and spring-fed activity (Dohm et al., 2011) . The planet's response to internal heat release would eventually slow to dormancy, as the energy source was not continuous, but released in a large episode. As energy and oxygen reduced after such events, the atmosphere would thin and the surface of Mars would become frozen once again. Biosignature type and scale may be speculated based on analogs of Mars on Earth, but preservation and weathering on Mars is still not fully understood do to the dramatic differences between Earth's and Mars's atmospheric histories (Sheldon, 2014) .
The range of environments with potential for preservation of biosignatures may result in preservation at several distinct spatial scales. If the goal of a rover mission is to determine Numerous sites have been studied as field analogs for various environments on Mars.
The GHOST team has done similar work in New Mexico (Yingst et al. 2011) , Alaska (Yingst et al. 2014) , and a site on the eastern side of the San Rafael Swell, on Bureau of Land Management land south of Green River Utah (Yingst 2015 Cretaceous, and is characterized by two transgressive-regressive cycles followed by a period of tectonic uplift that exposed approximately 100 million years of geologic history (Peterson, 1994 The lacustrine deposits and curvilinear fluvial channels commonly found at the site are similar to features observed on Mars, making this an ideal Mars analog (Yingst et al, 2017) . The ancient inland sea followed by basin drainage and erosion have exposed underlying units that contain micro and macroscopic biosignatures. The primary biosignature found here is a lithified siliceous algal mat. This biosignature, based on the environment found on Earth, may be representative of life potentially preserved from Martian intermittent sea incursion environments (Yingst et al, 2017) .
METHODS
The The walk-about and linear teams each consisted of a human acting as a rover a "roverless rover". The team leader, Aileen Yingst, prefers to use roverless rovers to focus on the science behind the mission rather than the engineering of the rover itself. Each roverless rover was equipped with a set of instruments that could gather data similar in type and resolution to that which is collected by Curiosity (Table 2 ). Each roverless rover was "operated" by their own individual set of "drivers" located at a base camp outside the analog region.
The analog was selected in private by a "site god". Orbital context (CTX) images, Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) data, slope maps, and elevation maps of the site were sent out to each team member to analyze (Figure 1 ). The location of the field site was kept a secret until all field work was complete. This was done to ensure no team member was able to research the geology of the area, as we would not have that luxury when looking at data from Mars. After looking over the information separately, the team discussed potential routes that would be traversable by the "roverless rovers", and that contained the largest array of stratigraphy and diversity in CRISM signatures. When choosing the route, we also tried to include as many apparent variations in depositional, and preservational environments as possible (based on remote sensing data), with the aim of identifying biosignature potential. The chemical signature obtained from CRISM data in conjunction with stratigraphy, obtained from CTX images, provided crucial information when choosing what route to take and which waypoints to prioritize.
Similar routes had to be taken by each rover to ensure each had access to the same range of geology. Roverless rovers had to try their best to not pay attention to what was around them while walking back and forth between the waypoints and the base camp. In doing so, the rovers would avoid subconsciously collecting information about the analog, which could potentially result in data collection bias. Each collection strategy resulted in different types of data requested by the driver and collected by the rover, as well as different use of the instrumentation. The third team, which performed traditional terrestrial geology, was allowed to choose their route and use any methods they found most effective to interpret the site.
Each of the roverless rovers was to follow operations and collect data at the request of the drivers. Keeping the base separated from the analog site and waiting for data to be brought back and downloaded simulated how data is viewed and decisions are made with rovers on Mars.
Decisions on where the rover should sample and take data were all made remotely based on photos, X-ray diffraction results, and mass spectrometry data.
Different types of photos were needed at each waypoint. Instructions to take panoramic photos across different azimuth distances and different heights (tilting up/down) was typical, photos of specific rocks or units were requested at some waypoints, sometimes photos of the ground were taken to see clasts or eroded debris. The location and resolution of photos was chosen and directed by each rovers corresponding driver. If the drivers at base needed more photos from a location after seeing a feature of interest, the rover would have to walk back from the camp where the data was downloaded, to the same field location and collect more data until the base had enough information to move forward.
Photographic data was taken using a lens on a digital SLR camera that would produce an 
RESULTS
After three days in the field interpreting the site, the linear traverse team had found and identified the algal biosignature present at the site (Figure 2 ). The fossilized algal mat was first identified in an image that belonged to a panoramic series of images taken at a waypoint.
Originally, the panoramic series was requested because the first photos taken of that waypoint
did not show what was to the left or right of the rover. The forward-facing photos did not show any geology that differed from what had been observed at previous waypoints. 180• panoramas at three heights (upper, eye-level, and lower), were requested in order to view the geology of the waypoint vertically and laterally. The biosignature identified was seen in float (fallen block from upslope), in a photo taken of the lower stratigraphy and ground.
At the outcrop scale (macroscale), the linear rover team was able to recognize, that the rock in float was different than any units previously observed. The difference in the initial appearance of the rock was apparent but the rock type was not. Mesoscale images revealed wavy layering, a promising feature that could indicate biogenic origin ( Figure 2B ). Microscale MAHLI images revealed oversteepened and draping laminae ( Figure 2C ). These microscale features were the final piece of data that allowed the linear team to confidently assess and sample the algal biosignature.
While conducting field research in Utah, each rover team had its own set of "drivers"
instructing the rover to gather the data they requested. The drivers of the linear traverse rover
were Senior Scientist at Planetary Science Institute, and the leader of the GHOST team, Aileen
Yingst, and Linda Kah, Kenneth R. Walker Professor Carbonate Sedimentology and Limitations in camera resolution along with lighting, shadows, and dust can create discrepancy when collecting data through images.
Typically, images are not corrected before being released to the public. However, images are compressed using a JPG compression algorithm. Images must be compressed in order to increase storage space, download speed, and speed of image processing (Lam et al., 2001) . Raw images are stored on the rover incase the full data set (resolution) is needed. Objects with a large amount of relief often require multiple images to be taken and combined (z-stacked) to create one image with all featured in focus. These images created from many are often color corrected using an approximate white balancing so that the rocks and sediment appear in the photos as they would on earth (NASA (f)). Shadowing can useful when determining the shape or roughness of a feature or outcrop (Minitti, 2013) . However, images in half shadow are difficult to further process as the reflectance values across the image are bimodal making poorly-lighted features more difficult to resolve. When imaging on Mars, dust is unavoidable and the only measure of reducing data obscured by dust is to image areas that have been recently cleared of dust (due to wind) or areas that are naturally clear of dust.
Understanding the scale of life that is potentially present is key in developing proper instrumentation for confident assessment. Table 3 lists the camera instrumentation and the resolution each camera can obtain in ideal settings. Most often when images are taken on Mars it is delivered as a compressed raw image from the Navigation camera (Navcam). Navcam images are black and white and are useful in getting a sense of the surroundings and choosing what path to take as the rover travels from one location to another. Often Navcam images have low resolution and are not useful for collecting data. When data from an area is to be collected, higher resolution images and color images are taken using the Mastcam or MAHLI (figure 3).
These cameras have resolutions that can capture features as large as 7.4cm from a kilometer away and features as small as 13.9μm from a few meters away (NASA (f)). The camera that will be used for the 2020 mission can capture features as small as 0.15mm, allowing for confident identification of either macroscale or mesoscale biosignatures (NASA (c)).
The 2020 mission aims to find signs of past microbial life. The first step in this is choosing the correct environment and landing site. The current landing site has been narrowed down to three options, Columbia Hills Gusev Crater, Jezero Crater, and NE Syrtis (NASA (g)).
Columbia Hills Gusev crater was first explored by the rover Spirit. Spirit discovered that this is an area that once had hot springs flowing which had potential to create a lake during floods.
Further exploring this with new instrumentation could reveal unknown information about Mars history. Jezero Crater shows evidence of two major flooding and drying out periods about 3.5 billion years ago. During these flooding periods a lake would form. During dry periods water would still transport clays into the crater basin. Cycles of wet then dry in a basin filled with clay and lake sediment create an environment, recognized on earth, as ideal for preservation of potential life forms (NASA (g)). The last potential landing location is NE Syrtis. This area was once warmed by volcanic activity which allowed hot springs to melt surrounding ice (NASA (g)). Again, this is seen as an ideal paleo environment for microbes on earth and may be on Mars as well.
Looking at Table 3 : Camera instrumentation on both the Curiosity and 2020 rover. Each camera has a different purpose and use for collecting data and thus each has different resolution. The 2020 rover has a camera that can see features as small as mesoscale and beyond that will depend on chemical data to confirm biogenic or abiotic origin. Curiosity rover has cameras that are able to resolve features ranging from macroscale to microscale. Microscale images are useful for identifying small features typical of primitive life forms. The scale defined in the right column is based on the scales given in table 1. 
